Introduction
The transition between the dipolar dynamo regime and a non-dipolar regime was first 
27
In this letter, we use a wide database of 132 fully three dimensional direct numerical 28 simulations (kindly provided by U. Christensen) to address this apparent contradiction.
29
We argue that both interpretations are in fact equivalent if one considers the non-gradient 30 part of the forces balance only. This is easily achieved by considering the curl of the rele-31 vant forces. The fluid being incompressible, the gradient part of any force will obviously 32 be balanced by pressure forces. driven by an imposed difference of temperature between the inner and outer spheres.
36
These simulations rely on no-slip mechanical boundary conditions, and an insulating outer 37 domain. Most of simulations involve an insulating inner core, a few of them involve a 38 conducting inner core with the same conductivity as the fluid.
39
The governing equations in the rotating reference frame can then be written -using L as unit of length, (2Ω) −1 as unit of time, ∆T as unit of temperature, and 2 Ω √ ρµ L as unit for the magnetic field -as
where non-dimensional quantities are denoted with a . sphere, κ its thermal diffusivity, and η its magnetic diffusivity.
45
The database used for this study covers the parameter range E ∈ [5 × 10 −7 , 5 × 10 
Coriolis versus inertial forces
The dipolarity of the magnetic field is well quantified by f dip , which corresponds to the time-averaged ratio of the mean dipole field strength to the field strength in harmonic degrees = 1 − 12 at the outer bounding sphere (see Christensen and Aubert, 2006) . We also introduce the Rossby number Ro, defined using time-averaged quantities as
where . denotes the volume average over the shell. Christensen and Aubert (2006) 48 empirically show that the transition from the dipolar regime to the non-dipolar regime 
56
The above definition of˜ u is anisotropic as it does not take the radial variations into account. Indeed it only involves the spherical harmonics degree of the spectral decomposition. Moreover, this calculus relies on a radial averaging: the role of the radius r in the length scale associated to a given angular scale is thus not taken into account. Oruba and Dormy (2014) introduced the kinematic dissipation length scale, denoted here as u ( u = u /L), defined using time-averaged quantities as between the dipolar regime and the multipolar regime occurs for Ro close to unity (see 60 figure 1.b). In following, we will only consider the length scale u .
61
The role of the local Rossby number in this transition obviously relates to a dominant forces balance between inertial and Coriolis forces in the Navier-Stokes equation (1). The transition between the dipolar regime and the multipolar regime is then expected to occur when the non-gradient part of inertial forces is of the same order of magnitude as that of the Coriolis force. This statistical balance can be expressed by considering the curl of this forces balance, it provides
which can be rewritten as
Clearly u , as occuring in this relation, corresponds to the dissipation length scale defined in (5) and not to the often used˜ u . Below and at the transition, it is natural to assume
where is a non-dimensional length scale which depends on correlations between the 62 velocity and the vorticity. This length scale is thus an intricate quantity, which cannot 63 be easily estimated a priori. Note that assuming that = 1 is tantamount to writing the balance between inertial 65 forces and the Coriolis force without taking the curl of each term. Such scaling stems from the equilibrium between the non-gradient part of the viscous force and the Coriolis force
which provides
This implies u ∼ E 1/3 which is well verified in our database (see figure 2) . 
Inertial versus viscous forces
Because of this dominant balance between viscous forces and the Coriolis term, valid in 68 the dipolar regime, the transition to multipolar dynamos necessarily also corresponds to 69 a balance between inertial and viscous forces.
70
The statistical equilibrium between the non-gradient part of inertial and viscous forces 
where Re is the Reynolds number (Re ≡ RoE −1 ). Figure 3 .a supports the above relation.
71
It is important to note that relation (13) relies on the curl of the forces balance, and 
A three forces balance
It is quite clear from the above discussion that the transition between dispolar and multipolar dynamos occurs when the curl of inertial forces becomes comparable to both the curl of the Coriolis and of the viscous term. Indeed, replacing u by E 1/3 in (8) and (13) yields the sole relation
This expression reveals the existence of a single parameter to describe the transition. with a dominant balance between three terms at the transition, that is the non-gradient 82 part of inertial, viscous and Coriolis forces. 
The geodynamo
It is worth pondering on the applicability of the above transition to the Earth's core.
84
A direct estimate of the parameter Ro E −1/3 ≡ Re E 2/3 provides a typical value of 10 −1 .
85
This is in agreement with the previous work of Christensen (2010) , which argued that the 86 Earth's core would lie below, but close to the dipolar-multipolar transition.
87
It is important to note however that the resulting viscous length scale would be ex- close enough to the multipolar region to exhibit reversals (see also Christensen, 2010) .
95
Presently available numerical models however appear to rely on a dominant forces bal-96 ance, involving viscous forces, which is not relevant to the Earth's core. Magnetostrophic 97 numerical models still need to be produced. 
Conclusions
We offer a unified description of the dominant forces balances at work in numerical Using a measured length scale in the numerical models, the transition can be equiv-
106
alently described by Ro/ u (resp. Re 
